Common complaints among shift workers are sleep disruptions and increased sleepiness while working, which may contribute to shift workers being more susceptible to diminished performance and work-related accidents. The purpose of this double-blind, withinparticipant study was to examine the effects of the alerting agent modafinil on cognitive/psychomotor performance, mood, and measures of sleep during simulated shift work. In all, 11 participants completed this 23-day residential laboratory study. They received a single oral modafinil dose (0, 200, 400 mg) 1 h after waking for three consecutive days under two shift conditions: day shift and night shift. Shifts alternated three times during the study, and shift conditions were separated by an 'off' day. When participants received placebo, cognitive performance and subjective ratings of mood were disrupted during the night shift, relative to the day shift. Objective and subjective measures of sleep were also disrupted, but to a lesser extent. Modafinil reversed disruptions in cognitive performance and mood during the night shift. While modafinil produced few effects on sleep measures during the night shift, the largest dose produced several sleep alterations during the day shift. These data demonstrate that abrupt shift changes produced cognitive performance impairments and mood disruptions during night shift work. Therapeutic doses of modafinil attenuated night-shift-associated disruptions, but the larger dose produced some sleep impairments when administered during day-shift work.
INTRODUCTION
Individuals who are required to work irregular or rotating shifts (eg, healthcare workers and military personnel) frequently adjust their sleep-wake cycles and report sleep disruptions and increased sleepiness while working (US Congress and Office of Technology Assessment, 1991) . These conditions may contribute to diminished performance, disrupted mood, and work-related accidents. Indeed, a recent report indicated that rotating shift workers, relative to fixed daytime schedule workers, were not only more likely to report feeling sleepy at work, but were also more likely to have work-related accidents, possibly due to impaired performance (Ohayon et al, 2002) . Rotating shift workers, particularly night-shift workers, may experience sleep disruptions because they attempt to sleep at a time that conflicts with their internal circadian clock (Eastman and Martin, 1999) . Additionally, these workers are often required to perform at the circadian nadir of alertness. Together, these conditions may render individuals working rotating shifts less vigilant and more susceptible to performance decrements.
One strategy used to offset shift change-related disruptions is the administration of psychostimulants. Caffeine during a night shift, for example, has been demonstrated to improve performance (Walsh et al, 1990) , increase ratings of alertness, and decrease physiological measures of sleep during work hours without altering daytime sleep (Muehlbach and Walsh, 1995) . In addition, we reported that methamphetamine attenuated night-shift-related performance impairments and even improved performance on some measures that were not disrupted as a function of the night-shift condition (Hart et al, 2003a) . Although these data clearly show that methamphetamine tempered nightshift-related behavioral disruptions, there is concern that night-shift workers may be more susceptible to methamphetamine abuse because of its performance and moodenhancing properties. Methamphetamine has been shown to have abuse potential in the laboratory (Hart et al, 2001b) , but the abuse potential of methamphetamine in night-shift workers remains unknown.
An alternative medication to methamphetamine is the alerting agent modafinil, which is chemically and pharmacologically distinct from other psychostimulants. Although the exact neural mechanisms that mediate modafinil-related effects remain unknown, increasing evidence indicate that modafinil-related therapeutic effects are dependent upon augmentation of catecholaminergic activity. Results from microdialysis studies show that modafinil increases extracellular dopamine concentrations in the striatum and prefrontal cortex (Wisor et al, 2001; de Saint Hilaire et al, 2001) ; this effect appears to be mediated via the dopamine transporter, as it is the only documented central nervous system (CNS) binding site for modafinil (Mignot et al, 1994) . In addition, a substantial amount of data indicates that an intact a 1 -adrenergic receptor system is required for the wake-promoting effects of modafinil. For example, several researchers have reported that a 1 antagonists block the effects of modafinil (eg, Duteil et al, 1990; Lin et al, 1992) , although modafinil-related wake-promoting effects are unaltered by dopamine antagonists (Lin et al, 1992) . Note also that noradrenergic projections from the locus coeruleus to the forebrain do not appear to be necessary for the wake-promoting actions of modafinil because chemical destruction of terminals along this major noradrenergic pathway does not produce alterations of modafinil's actions (Wisor and Eriksson, 2005) . These findings suggest that modafinil-related neurobiological mechanism of action is complex and may not conform to simplistic views of neurotransmission. A growing body of evidence indicates that dopamine may act as an endogenous ligand at adrenergic receptors in several CNS regions (eg, Malenka and Nicoll, 1986; Crochet and Sakai, 2003) . Thus, recently modafinil has been hypothesized to exert its therapeutic effects by increasing dopaminergic activity (ie, blockade of the dopamine transporter), which, in turn, stimulate adrenergic receptors (Wisor and Eriksson, 2005) . Although modafinil increases catecholaminergic activity, it appears to have low abuse potential (Jasinski, 2000; Rush et al, 2002) . It is important to note that modafinil also increases CNS glutamatergic activity (Ferraro et al, 1998) , which may further contribute to its therapeutic actions.
Modafinil has been shown to improve performance impaired by fatigue without producing disruptive effects on subsequent sleep , and was recently approved in the US (Schedule IV controlled substance) for treating shift work sleep disorder (Schwartz, 2005) . Moreover, Walsh et al (2004) investigated the effects of a single active modafinil dose (0, 200 mg) on the behavior of volunteers subjected to simulated night-shift work, and reported that the drug lessened some cognitive/ psychomotor deficits and decreased sleepiness during work periods. Modafinil did not improve performance on all cognitive/psychomotor tasks, however. Given that 200 mg is a relatively low modafinil dose, we feel that further studies examining a broader dosing range are warranted. One question of interest was to determine if modafinil-related effects on night-shift disruptions are dose-dependent. In general, data from our study of methamphetamine indicated that attenuation of night-shift impairments was dose-related (Hart et al, 2003a) . Another question of interest was to determine if modafinil attenuated shift change-related disruptions when research participants were subjected to abrupt shift changes. The study design employed by Walsh et al (2004) was not suited to address this issue because participants in that study did not undergo abrupt shift changes. In contrast, we have developed a laboratory model of shift work in which participants work several days on the 0830-1730-h shift, and several days on the 0030-0930-h shift, and switch between shifts several times during each study (Hart et al, 2003a (Hart et al, , b, 2005 . This model facilitates the examination of abrupt work shift change-related alterations in human behavior and the interactive effects of drugs on these alterations.
METHODS

Participants
In all, 11 healthy research volunteers (mean age 25.275.4 (7SD)) completed this 23-day residential study: five were females (four Black, one White) and six were males (one Asian, three Black, one Hispanic, one White). Participants' formal education ranged from 11 to 16 years (mean ¼ 14.3). They were solicited via word-of-mouth referral and newspaper advertisement in New York City. All participants reported current caffeine use (3-21 cups per week) and eight reported current alcohol use (1-7 drinks per week). Five participants reported marijuana use within the past year (use ranged from once per month to twice per year), and five smoked 2-20 tobacco cigarettes per day. Two participants reported using cocaine at least once. Urine toxicology analyses during the screening process confirmed the absence of illicit drug use. All participants reported previous experience working irregular shift schedules, passed comprehensive medical and psychological evaluations, and were within normal weight ranges according to the 1983 Metropolitan Life Insurance Company height/ weight table (body mass index: 24.373.2 kg/m 2 ). Volunteers were informed that the purpose of the study was to evaluate the effects of an FDA-approved medication on the cognitive performance and mood of shift workers; all signed a consent form approved by the New York State Psychiatric Institute's Institutional Review Board. At the end of the study, volunteers were fully informed about experimental and drug conditions and were paid for their participation. They were compensated at a rate of $70 per day.
Laboratory
Three groups of 3-4 individuals stayed in a residential laboratory in the New York State Psychiatric Institute (Foltin et al, 1996; Hart et al, 2003a) . The laboratory has a common social area, where participants were free to engage in recreational activities. Each participant had a bedroom with a bed, desk, Macintosh computer system, microwave, toaster, refrigerator, and food preparation space. For the purpose of continuous observation of behavior, cameras and microphones are located throughout the common social area and in bedrooms, but not in bathrooms, showers, or private dressing areas. Communication between the staff and participants was kept to a minimum and was accomplished primarily via computers in each participant's bedroom.
Pre-Study Training
Prior to study commencement, participants completed two training sessions (3-4 h per session) on computerized tasks that would be used in the study and were familiarized with the laboratory and study procedures. On a separate day, they received a modafinil capsule (400 mg) to provide them with experience with the study drug and to monitor any potential unusual reactions to the medication. No untoward events were observed.
Design
This 23-day residential study consisted of six 3-day blocks of sessions, during which participants completed computerized task batteries on two different shifts. During the day shift, they performed computer tasks from 0830 to 1730 h and went to bed at 2400 h; during the night shift, they performed computer tasks from 0030 to 0930 h and went to bed at 1600 h. Shifts alternated three times during the study and shift conditions were separated by an 'off' day, during which participants were not on a work schedule but were required to go to bed 8 h prior to the next shift as they had done during other days. Two groups of participants started on the night shift and the other started on the day shift. Placebo or modafinil (200, 400 mg) was administered once per day, 1 h after waking (0915 on the day shift and 0115 on the night shift). Days 8 and 16 were 'drug washout' days, during which participants received placebo modafinil before being switched to another drug condition. In order to minimize potential confounding effects, presentation of modafinil doses were systematically varied between and within groups of participants. All participants experienced six dose/shift combinations: placebo + day and night shift, low dose + day and night shift, and high dose + day and night shift.
Procedure
Volunteers moved into the laboratory on the day before study commencement so that they could receive further training on tasks and experimental procedures. The first experimental day began at 0015 h (ie, the night shift) for seven participants and at 0815 h (ie, the day shift) for four participants the following morning. Participants first completed baseline cognitive/psychomotor tasks, a 44-item subjective-effects visual analog questionnaire, and a visual analog sleep questionnaire (see below). Then, they were weighed (but were not informed of their weight) and given time to eat breakfast. Following breakfast, eight 30-min computerized task batteries, composed of the subjectiveeffects questionnaire and psychomotor tasks, were completed daily. Participants were given a 15-min break between each task battery. From 1000 (0200) to 1245 (0445) h, participants completed four task batteries and, after a 1.5-h lunch break period, they completed four additional task batteries from 1415 (0615) to 1700 (0900) h. Beginning at 1700 (0900) h, participants had access to activities available in the social area. Two films were shown daily, beginning at 1800 (1000) and 2100 (1300) h. Lights were turned out at 2400 (1600) h for an 8.25-h sleep period.
Subjective-Effects and Cognitive/Psychomotor Battery
The computerized visual analog questionnaire consisted of a series of 100-mm lines labeled 'not at all' at one end and 'extremely' at the other end. The lines were labeled with 'I feely,' 'Alert,' 'Angry,' 'Anxious,' 'a Bad Drug Effect,' 'Clumsy,' 'Confused,' 'Content,' 'Depressed,' 'Dizzy,' 'Energetic,' 'Forgetful,' 'Friendly,' 'a Good Drug Effect,' 'High,' 'Hungry,' 'Irritable,' 'Jittery,' 'Mellow,' 'Miserable,' 'Nauseous,' 'On Edge,' 'Restless,' 'Sedated,' 'Self-confident,' 'Sleepy,' 'Social,' 'Stimulated,' 'Talkative,' 'Tired,' 'Unmotivated,' 'Withdrawn,' 'I am Sweating,' 'I'm having Difficulty Concentrating,' 'I have Chills,' 'I have a Headache,' 'I have Muscle Pain,' 'I have Stomach Pain,' 'I have an Upset Stomach,' 'I want a Cigarette,' 'I want Marijuana,' 'My Heart is Pounding or Beating Faster than Usual,' 'My Vision is Blurred,' and 'Noises or Sounds Seem Louder than Usual.' Each day, a drug-effect questionnaire (DEQ) was also completed 90 min after modafinil administration. Participants were required to rate 'Good Effects' and 'Bad Effects' from the drug on a five-point scale: 0 ¼ 'not at all' and 4 ¼ 'very much.' They were also asked to rate how 'Strong' the drug effect was and their desire to 'take the drug again.' Lastly, participants were ask to rate how much they liked the drug effect on a 9-point scale: 4 indicated 'disliked very much,' 0 indicated 'feel neutral, or feel no drug effect,' and 4 indicated 'liked very much. ' The computerized cognitive/psychomotor battery consisted of five tasks: (1) the Digit Recall Task was designed to assess changes in immediate and delayed recall. An eightdigit number was displayed on the computer screen for 3 s, and participants were instructed to enter the number correctly while it was on the screen and again after it had disappeared from the screen (Hart et al, 2001a) . They were also informed that they would be asked to reproduce and recognize the number near the end of the battery; (2) the digit-symbol substitution task (DSST) was designed to assess changes in visuospatial processing. This task consisted of nine random three-row Â three-column squares (one square blackened/row) displayed across the top of the computer screen (McLeod et al, 1982) . Each array was associated with a number (1-9). A randomly generated number appeared at the bottom of the screen, indicating which of the arrays should be reproduced on the nine-key keypad attached to the computer. Participants were instructed to reproduce as many patterns as possible by entering the patterns associated with the randomly generated numbers; (3) the divided attention task (DAT) was designed to assess changes in vigilance and inhibitory control. This task consisted of concurrent pursuit-tracking and vigilance components (Miller et al, 1988) . Participants were required to track a moving circle on the computer screen using the mouse and also had to signal (by clicking the mouse) when a small black square appeared at any of the four corners of the screen. Accurate tracking of the moving stimulus increased its speed proportionately; (4) the rapid information task (RIT) was designed to assess changes in sustained concentration and inhibitory control. During this task, a series of digits was displayed rapidly on the computer screen (100 digits/min), and participants were instructed to press a key as quickly as possible after three consecutive odd or even digits had appeared (Wesnes and Warburton, 1983) ; and (5) the Repeated Acquisition Task was designed to assess changes in learning and memory. At the start of this task, four buttons were illuminated, and participants were instructed to learn a 10-response sequence of button presses (Kelly et al, 1993) . A position counter incremented by one each time a correct button was pressed, and remained unchanged after an incorrect response. The points counter increased by 1 each time the 10-response sequence was correctly completed. The sequence remained the same throughout the task, but a new random sequence was generated when the task occurred again. Participants were instructed to earn as many points during the task as possible by pressing the buttons in the correct sequence.
Sleep Monitoring
The portable Nightcap sleep systems, which recorded objective measures of sleep, consist of a headband worn by participants while they slept (Ajilore et al, 1995; Cantero et al, 2002) . A miniature electrode attached to the eyelid measured eye movement but did not disrupt sleep (Ajilore et al, 1995) , and a body movement sensor in the headband detected and recorded movements. The system, which allows for measurement of total sleep time, sleep onset latency, rapid eye movement latency, non-rapid eye movement sleep time, and sleep efficiency (total sleep time as a percentage of time in bed), has been reported to correspond well to traditional polysomnography and subjective reports of sleep quality (Ajilore et al, 1995) . In addition to wearing the portable sleep monitor, participants completed a visual analog sleep questionnaire each morning. This questionnaire consisted of a series of 100 mm lines labeled 'not at all' at one end and 'extremely' at the other end. The lines were labeled: 'I slept well last night,' 'I woke up early this morning,' 'I fell asleep easily last night,' 'I feel clear-headed this morning,' 'I woke up often last night,' 'I am satisfied with my sleep last night,' and a fill-in question in which participants were asked to estimate the number of hours they thought they slept the previous night .
Drug
Tablets of modafinil hydrochloride (200 mg) (Provigil s , Cephalon, Inc., West Chester, PA) were repackaged by the Pharmacy Department of the New York State Psychiatric Institute by placing tablets into a white #00 opaque capsule and adding lactose filler. Placebo consisted of white #00 opaque capsules containing only lactose. All capsules were administered double-blind.
Data Analysis
Data from off and drug washout days (days 4, 8, 12, 16, 20) were not included in the analyses. In addition, 2 days of data from one volunteer were not included in the analyses because the volunteer was unable to complete these days due to a personal issue. The area under the curve (AUC) for the subjective-effects visual analog questionnaire and cognitive/psychomotor tasks was determined using the trapezoidal method (Tallarida and Murray, 1981) . Peak subjective-effect and cognitive/psychomotor data were analyzed similarly. For the sake of brevity, data for the AUC analyses are discussed primarily because significant drug effects were similar when performing both peak and AUC analyses.
Data were analyzed using three-factor repeated-measures analyses of variance (ANOVA): the first factor was modafinil dose (placebo, 200, 400 mg), the second factor was shift condition (day, night), and the third factor was day within condition (1, 2, 3). For all analyses, ANOVAs provided the error terms needed to calculate planned comparisons that were designed to answer two questions: (1) are cognitive/psychomotor task performance and subjective-effects ratings disrupted during the night shift, and (2) does modafinil attenuate night shift-related disruptions? To evaluate night shift-related disruptions, each day of placebo was compared to the corresponding night of placebo (eg, the first day of placebo during the day shift vs the first night of placebo during the night shift). To evaluate the effects of modafinil on night shift-related disruptions, each night of each drug condition was compared to a corresponding night of another drug condition (eg, the first night of 200 mg modafinil during the night shift vs the first night of placebo during the night shift). Modafinil-related effects during day-shift work were evaluated similarly. Given the overall number of planned comparisons, only those p-values o0.03 were considered statistically significant in an effort to control for Type I error. Huynh-Feldt corrections were used when appropriate.
RESULTS
Effects of Shift Condition
Cognitive performance. The upper panels of Figure 1 illustrate how selected cognitive/psychomotor performance varied between the day and night shifts when participants received placebo. Planned comparisons revealed that the number of false alarms committed on the DAT significantly increased, while the number of correct digits recalled on the immediate recall task and total correct responses on the DSST significantly decreased during all three nights that participants worked on the night shift compared to the corresponding days on the day shift (po0.03). As shown in Tables 1-3, other performance measures (eg, hit latency on the DAT) also were altered significantly as a function of shift condition.
Subjective-effect ratings. The upper panels of Figure 2 show how selected subjective-effect ratings varied between the day and night shifts when participants received placebo. Ratings of 'Alert' were decreased during two nights that participants were on the night shift compared to the corresponding day shift days (po0.03). Conversely, ratings of 'Can't Concentrate' and 'Sleepy' were increased during two and three nights of the night shift (respectively), relative to the corresponding day shift days (po0.01). Tables 1-3 show that several other subjective-effect ratings (eg, 'Energetic') were altered significantly as a function of shift condition.
Sleep. Nightcap data from three participants were not available due to equipment malfunctions. The upper panels of Figure 3 display how total sleep time and sleep onset latency, as measured by the Nightcap, varied between the day and night shifts when participants received placebo. Total sleep time was decreased across all three nights that participants worked on the night shift, but this effect was not statistically significant. Similarly, although sleep onset latency increased during night-shift work, this effect was statistically significant only on the third night (po0.01). Sleep efficiency was decreased when participants worked on the night shift compared with the day shift, but this effect only approached statistical significance on the first night (p ¼ 0.039, data not portrayed).
The bottom panels of Figure 3 indicate how selected ratings on the sleep questionnaire varied between the day and night shifts when participants received placebo. Upon waking before starting the first night-shift night, participants estimated that they had slept approximately 1.5 fewer hours the previous night, relative to when working on the day shift (po0.003). Additionally, participants reported having greater difficulties falling asleep the preceding evening, sleeping less well, and waking more frequently during the sleep period compared to the corresponding day-shift days (po0.03; some data not shown). These effects were statistically significant only on the first day of the night-shift condition.
Effects of Modafinil
Cognitive performance. The bottom panels of Figure 1 show how modafinil affected cognitive performance during the night-shift condition. (The night-shift data in the upper panels are the same data shown under the placebo condition in the bottom panels.) Active modafinil (200, 400 mg) decreased the number of false alarms on the DAT and increased the correct number of digits recalled on the immediate recall task, as well as the total number of correct responses on the DSST across all three nights (po0.01 for all three nights). Tables 1-3 indicate that modafinil also improved cognitive performance on several other measures (eg, decreased the number of errors on the RA task) during night-shift work.
Relative to placebo, modafinil also improved cognitive/ psychomotor performance during the day-shift condition, although the effects were less dramatic than those observed under the night-shift condition (data not shown). On the DAT, both active doses increased tracking speed on the first day (po0.02). On the DSST, the 400-mg dose increased the number of attempts and correct responses on days 1 and 2 (po0.001). On the RIT, both doses decreased total misses and increased the number of hits, while the 400-mg dose decreased the number of false alarms (po0.008); these effects were noted for all three days of day-shift work. On the repeated-acquisition task, 400 mg modafinil decreased the number of errors made on days 1 and 3 (po0.03) and increased the number trials completed on day 1 (po0.003). Finally, the drug (400 mg) increased the number of correct digits entered on the immediate recall task on days 1 and 2 (po0.03).
Subjective-effect ratings. The bottom panels of Figure 2 display how modafinil affected subjective-effect ratings during the night-shift condition. The 200-mg dose increased ratings of 'Alert' on nights one and three, and the 400-mg dose increased ratings of 'Alert' on all three nights (po0.02). Both active doses decreased ratings of 'Can't concentrate' on at least two of the three nights (po0.02) and decreased ratings of 'Sleepy' on at least one of the three nights (po0.0007). While modafinil produced significant effects on several other subjective ratings (eg, 'Mellow', see Tables 1-3) , measures from the DEQ were not altered significantly as a function of modafinil dose during nightshift work.
Consistent with its effects on cognitive/psychomotor performance, modafinil produced fewer statistically significant subjective effects during day-shift work. Both active doses increased ratings of 'Alert' on the first 2 days (po0.03). The 200-mg dose increased ratings of 'Heart pounding' on all 3 days and the 400-mg dose increased these ratings on days 1 and 3 (po0.009). Finally, the 400-mg modafinil dose increased ratings of 'Anxious' on the second and third days (po0.03).
Sleep. Modafinil produced only one significant effect on Nightcap sleep measures during night-shift work. Relative to placebo, the 400-mg dose increased sleep onset latency on the third night: the mean sleep onset latency was 53 min under the placebo condition, compared to 146 min under the modafinil condition (po0.004). Data from the sleep questionnaire indicated that participants estimated that they had slept approximately 1.5 fewer hours and reported being less satisfied with their sleep following the 400-mg dose on the first night of night-shift work, compared to placebo and the 200-mg dose (po0.009).
In contrast to its limited effects on sleep measures during the night-shift condition, modafinil produced several significant effects on sleep when participants worked on the day shift. Across the three days, total sleep time (as measured by the Nightcap) was decreased by an average of 67 min per night under the 400-mg modafinil condition, relative to the placebo condition, although the effect of modafinil on total sleep time was statistically significant only on day 3. On average, participants slept 331 min under the 400-mg modafinil condition, compared with 440 min under the placebo condition (po0.003). The Nightcap measure of sleep efficiency showed a similar pattern. Under the 400-mg condition, sleep efficiency was significantly decreased following three consecutive days of drug treatment, relative to placebo treatment (po0.006): on average, sleep efficiency was 65% the evening following modafinil (400 mg) and 86% following placebo. In addition, sleep onset latency significantly increased during days 1 and 2 under the 400-mg condition, relative to the placebo and 200 mg conditions (po0.02). On average, sleep onset latency was 116 min during the 400-mg condition, compared with 46 and 30 min during the 200-mg and placebo conditions. Similarly, results from the sleep questionnaire indicated that modafinil produced disruptions during dayshift work. Relative to placebo, participants reported having greater difficulties falling asleep on the first and second evenings following modafinil (400 mg), and reported being less satisfied with their sleep and sleeping less well on the first evening following this dose of modafinil (po0.02).
DISCUSSION
The current data clearly show that cognitive/psychomotor performance, mood, and sleep measures were disrupted during the night shift compared to the day shift. These results are consistent with data from other investigations that assessed the effects of changing participants' work shift schedules under laboratory conditions (eg, Reid and Dawson, 2001; Sharkey et al, 2001; Hart et al, 2003a, b) . Modafinil markedly improved nighttime performance and mood, while producing few deleterious effects on sleep. These findings replicate and extend results from another investigation that assessed the effects of one active modafinil dose (200 mg) on night-shift performance and mood in research participants (Walsh et al, 2004) . Note, however, that modafinil treatment during day-shift work was associated with a greater number of sleep disruptions. When participants worked on the night shift and received placebo, they performed poorly on a wide range of tasks assessing several cognitive domains. For example, inhibitory control, as measured by two separate tasks (ie, DAT: false alarms and RIT: false alarms), was profoundly impaired. In light of the importance of inhibition as a basic unit of working memory and executive control processes (Dempster and Corkill, 1999; Zacks and Hasher, 1994) , these data suggest that rotating shift workers may exhibit some executive cognitive functioning problems when working on the night shift, especially during the first few nights after a shift change. Other domains were also negatively affected during night-shift work, including diminished learning (eg, RA: total errors), impaired visuospatial processing (eg, DSST: total correct responses), and reduced sustained concentration or vigilance (eg, DAT: mean hit latency). The current data are consistent with reports that indicate that night-shift workers may be more prone to work-related accidents and automobile accidents while driving home from night-shift work (Mitler et al, 1988; Leger, 1994) . Most of the effects on cognitive performance following placebo administration persisted across all three nights the participants worked on the night shift. One possible reason for the observed pattern of cognitive decrements is that participants' sleep was disrupted, and this affected next-day performance. The sleep data lend partial support to this perspective, but do not entirely account for the scope of impairments. Nightcap sleep results indicated that participants slept shorter durations and required longer durations to initiate sleep during night-shift work, although the majority of these effects did not reach statistical significance and were most pronounced on the first night. Subjective measures of sleep were consistent with Nightcap data. Subjective ratings of mood during the nighttime work period, by contrast, were more congruent with cognitive performance data. Participants reported being more 'Sleepy' and less motivated throughout all three nights they worked on the night shift. Several other ratings of mood were also disrupted on at least two of the three nights (eg, 'Sedated' and 'Tired') . In an effort to lessen the negative impact of abrupt changes in work-shift schedules, an off day was implemented prior to starting work on a different shift. The current findings suggest that an acclimation period greater than 3 days is necessary when psychostimulant-free individuals are subjected to abrupt work-shift schedule changes.
Modafinil attenuated nearly all night shift-related cognitive/psychomotor impairments in a dose-related manner. For example, both active doses improved performance on the immediate recall and DSSTs, but the effects produced by the 400-mg dose were significantly different from those produced by the 200-mg dose. Other performance effects showed a similar pattern and were in general agreement with the findings of Walsh et al (2004) . A divergent finding, however, was noted for modafinil-related effects on DSST performance. In the Walsh et al study modafinil did not improve nighttime DSST performance, whereas in the current investigation it substantially improved performance. An important methodological difference between the two studies might explain this apparent discrepancy. In the earlier study, participants did not receive training on the cognitive tasks before the study began. As a result, DSST performance improved during each of the four nights within each dosing condition, making it more difficult to detect modafinil-associated effects. In contrast, in the present study, participants were trained on the cognitive tasks for 2 days prior to moving into the laboratory. The large amount of training ensured that the tasks were welllearned prior to study participation, so that learning effects would be minimized during the study. This methodological difference could have influenced the results. Modafinil also improved performance during day-shift work but to a lesser degree. This observation is in line with other researchers who found that the drug produced limited effects on cognitive performance in healthy, well-rested individuals (eg, Muller et al, 2004; Randall et al, 2004 Randall et al, , 2005 . By contrast, modafinil produced greater sleep disruptions when participants worked on the day shift than when they worked on the night shift. These effects were unexpected and have not been reported previously with modafinil. The data, however, are partly congruent with previous studies that have evaluated the effects of psychostimulants on sleep (eg, Post et al, 1974; Comer et al, 2001 ). For example, Comer et al (2001) reported that methamphetamine decreased total sleep time and sleep efficiency on the first day of administration. On the subsequent days, these effects were no longer significant, suggesting the development of tolerance. Perhaps if modafinil was administered on a greater number of consecutive days in the current study, tolerance would have developed to its effects on sleep.
Modafinil improved mood during the night shift, although its effects were less dramatic than those observed on cognitive/psychomotor performance. Both active doses increased subjective reports of alertness and decreased reports of sleepiness on at least two of the three nights. Other ratings of mood were also improved by modafinil treatment, while the drug produced few 'negative' subjective effects. These results are congruent with data from this laboratory demonstrating that methamphetamine attenuated night shift-related mood disruptions (Hart et al, 2003a) . It is important to note, however, that modafinil did not increase ratings associated with drug abuse liability. Unlike data from our previous study with methamphetamine, ratings of 'good drug effect' and participants' reported desire to take the drug again were not significantly altered by modafinil. This is consistent with clinical observations (for a review, see Myrick et al, 2004) and human laboratory data (Rush et al, 2002) , indicating that the abuse potential of modafinil is low.
The current findings should be interpreted within the context of at least two study limitations. Study participants were not exposed to the natural light/dark cycle, unlike shift workers in their natural ecology. As the natural light/dark cycle is known to influence circadian rhythm alignment, which has been proposed to be an important mediator of shift change-related performance decrements and sleep disruptions (Eastman and Martin, 1999) , it is possible that the generality of our findings to many shift workers may be limited. Nevertheless, the current data and those collected in our previous studies (Hart et al, 2003a (Hart et al, , b, 2005 demonstrating that performance and mood were disrupted as a function of the night-shift condition argue that the procedures used here provide a useful model to simulate 
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Significant difference between the day and night shift conditions for that day following placebo administration (po0.03). Bottom panel: AUC values for visual analog scale ratings of 'Alert,' 'Can't Concentrate,' and 'Sleepy' as a function of modafinil dose and day of the night-shift condition. *Significant difference between placebo and that dose of modafinil for that day (po0.03). Error bars represent one SEM. Overlapping error bars were omitted for clarity.
work-shift change conditions, and that the effects of medications can be sensitively detected within this model. Another caveat of the current study is that although modafinil is an approved shift work sleep disorder medication, the applicability of these findings to a patient population is unknown because they were obtained in healthy research volunteers.
In conclusion, these data demonstrate that performance, mood, and sleep are disrupted during night-shift work when research participants are subjected to abrupt work schedule changes. The data further show that therapeutic doses of modafinil can decrease night shift-related performance and mood disruptions. These findings may be of particular significance in occupations that require individuals to undergo abrupt changes in work schedules, for example, healthcare workers, military personnel, and police officers. 
Significant difference between the dayand night-shift conditions for that day following placebo administration (po0.03). Bottom panel: Selected mean subjective effects from the sleep questionnaire as a function of shift condition and day within condition.
Significant difference between the day-and night-shift conditions for that day following placebo administration (po0.03).
